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The  purpose  of  this  study  was  to  analytically  determine  the  effect  of  Incrementally  varying 
helicopter  rotor  tip  speed  to  decrease  noise  levels  and  detection  distance.  The  basis  for  this 
study  was  that  primary  mlselon  performance  (PMP)  would  be  maintained  at  each  Incremental 
change  of  rotor  tip  speed. 

A  baseline  helicopter  was  designed  that  met  the  Advanced  Scout  Helicopter  (ASH)  PMP  require¬ 
ments.  It  used  a  700-fps  tip  speed  four  bladed  rotor  system,  Four  generic  configurations  of  the 
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Block  20.  Abstract  continued. 

S  baseline  helicopter  were  also  designed  which  met  the  PMP  requirements.  The  design  rotor 
tip  speed  of  these  corifu|iircitions  varied  to  105,  95,  90,  and  80  percent  of  tho  baseline  tip 
speed, 


Overall  sound  pressure  levels  (OASPL),  1/3  octave  band  spectra,  and  detection  distances 
were  predicted  for  all  helicopter  configurations  for  a  range  of  operational  speeds. 

Results  showed  that  the  90  percent  (630  fps|  tip  speed  configuration  was  optimum  In  terms 
of  reduced  OASPL.  When  all  configurations  were  analytically  displaced  In  distance  to  the 
point  at  which  their  noise  signature  could  first  be  perceived,  the  100-percent  (700  fps)  tip 
speed  configuration  was  least  detectable,  It  was  also  found  that  OASPL  was  not  a  reliable 
Indicator  of  detectability  and  that  ambient  noise  conditions  had  the  largest  net  effect  on 
detectability,  4e-’“"s' 
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PREFACE 


Thli  report  pretenti  the  results  of  an  analytical  Investigation  to  evaluate  the  effects  of 
variable  rotor  speeds  on  helicopter  noise  detection. 

Appreciation  Is  given  to  Mr.  Robert  J.  Pegg  of  the  Acoustics  and  Noise  Reduction 
Division,  NASA- Langley  Research  Center,  for  his  assistance  In  performing  the  Theoretical 
Rotor  Analysis  Modeling  Program  (TRAMP)  calculations  used  In  this  effort. 
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INTRODUCTION 


To  maximize  helicopter  survivability  through  reduced  aural  detection  distance,  the  aircraft 
designer  first  considers  reducing  main  rotor  tip  speed  as  one  of  the  fundamental  methods 
for  reducing  rotary-wing  noise  levels.  It  is  generally  agreed  that  changes  in  main  rotor 
tip  speed  have  the  greatest  influence  on  helicopter  noise  and  detection  distance;  this  is 
illustrated  in  Figure  1  (from  Reference  1).  In  this  example,  total  rotor  thrust  and  blade 
loadings  were  held  constant  by  chord  variations.  The  standard  case  parameters  produced 
a  single  value  for  detection  distance.  Variation  of  any  one  of  these  parameters  produced 
a  different  detection  distance,  as  shown  by  the  trend  curves.  The  most  noticeable  result 
seen  in  Figure  1  is  the  effect  of  blade  tip  speed  on  detectability,  particularly  above  600 
fps.  Data  from  whirl  tower  testing  by  Hubbard  and  Maglieri2  derived  over  a  range  of 
normal  functional  rotor  speeds  produced  0,04  dB  reduction  in  noise  for  each  fps  reduc¬ 
tion  in  tip  speed.  The  ARPA  "Quiet  One"  helicopter3  was  measured  at  0.08  dB/fps  tip 
speed  reduction,  while  a  standard  OH-6  measured  0,064  dB/fps  tip  speed  reduction,  Thus, 
whether  theoretical  or  measured  data  is  used,  lowering  tip  speed  indicates  that  this  is 
clearly  a  first  choice  approach  to  reducing  levels  of  noise  and  acoustic  detection. 

However,  an  important  point  that  must  be  considered  before  the  worth  of  this  approach 
can  be  properly  evaluated  is  the  effect  of  varying  tip  speeds  on  an  aircraft  while  main¬ 
taining  imposed  performance  requirements.  For  example,  reduced  rotor  tip  speed  necessi¬ 
tates  that  tii rust  be  recovered  through  other  means  that  may  require  heavier  engines  and 
transmissions,  more  fuel,  and  stronger  airframes,  all  of  which  would  affect  mission  per¬ 
formance.  Thus  the  full  problem  becomes  one  of  optimizing  tip  speed  with  detectability 
and  performance. 

The  purpose  of  this  investigation  was  to  analytically  determine  the  optimum  effect  of 
incrementally  varying  helicopter  rotor  tip  speed  on  decreased  noise  levels  and  detection 
distance,  while  maintaining  primary  mission  performance  (PMP)  requirements  for  each 
increment  of  rotor  speed  variation. 

To  carry  out  this  investigaf'on,  a  baseline  helicopter  design  was  developed  which  met  the 
primary  mission  performance  (PMP)  requirements  of  the  Advanced  Scout  Helicopter  (ASH) 
specification.4  A  nominal  tip  speed  of  both  the  main  and  the  tail  rotors  was  established 
based  on  rotor  performance  and  etficiencies.  Next,  four  alternate  design  configurations, 


'Ollerhead,  J.  B.,  and  Lowson,  M.  V.,  Problems  of  Helicopter  Noise  Intimation  ami  Redac¬ 
tion,  AIAA  Paper  No.  69-195,  Wyle  Laboratories,  Huntsville,  Alabama,  February  1969. 

1  Hubbard,  H.  H.,  and  Maglieri,  D,  J.,  Noise  Characteristics  of  Helicopter  Rotors  at  Tip 
Speeds  Up  to  9(H)  f  eet  Ter  Second,  Journal  of  the  Acoustical  _Society_  of  America, 

Volume  32,  No,  9,  September  1960,  pp  1105-1107. 

3  Robinson,  Frank,  Component  Noise  Variables  of  a  Unlit  Observation  Helicopter,  NASA 
CR  114761,  Ames  Directorate,  U.S.  Army  Air  Mobility  Research  and  Development 
Laboratory,  Ames  Research  Center,  Moffett  Field,  California,  1975. 

“ASH  Solicitation  DAAJ01  -76-R  0001 ,  31  July  1975,  USAAVSCOM  (Unpublished). 
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Ficjun?  1.  Effects  of  various  rotor  and  flight  parameters 
on  "detection  range". 


each  maintaining  PMP  requirements,  were  developed.  The  main  and  tail  rotor  tip  speeds 
of  these  configurations  were  incrementally  varied  from  the  baseline  tip  speed.  Through¬ 
out  this  report  these  designs  will  be  referred  to  simply  as  the  105  percent  configuration, 
the  100  percent  configuration,  etc. 

An  acoustical  prediction  of  the  rotor  system  noise  signatures  was  made  using  the  five 
configurations  at  hover  and  at  flight  speeds  of  80,  120,  and  150  knots.  The  noise 
matrix  consisted  of  ttie  five  configurations  times  four  flight  speeds  times  three  rotor  com¬ 
binations  (main  rotor,  tail  rotor,  and  main  plus  tail  rotor).  Noise  levels  and  detection 
distance  versus  rotor  tip  speed  were  plotted  for  each  flight  speed.  From  these  results, 
conclusions  and  recommendations  were  made  concerning  varying  rotor  tip  speed  as  a 
means  of  reducing  acoustic  noise/detection  distance. 
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BASF L  INt  AND  ALTERNATE  DESIGN  CONFIGURATIONS 


Thu  baseline  and  alternate  configurations  wuru  designed  to  moot  the  PMP  requirements  of 
the  Advanced  Scout  Helicopter  specification,  These  requirements  are  summarized  in 
Appendix  A.  The  characteristics  of  the  baseline  and  alternate  configurations  are  compared 
in  Table  1. 


TABLE  1  CMAtlACn  rustics  or  BASELINE  HELICOHlfH  AND  AL1HINATE  CONriCIUMATIONS 
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BASELINF  CONFIGURATION 


The  baseline  configuration  was  developed  using  the  Applied  Technology  Laboratory's 
Preliminary  Design  Program  (POP).  It  used  a  conventional  loin  lilaili'il  main.-'tail  rotor 
systum  powered  by  two  advanced  technology  engines,  Conceptual  views  o!  the  baseline 
design  are  shown  in  Figures  2  and  3,  The  four  bladed  main  rotor  was  fully  articulated, 
with  a  disc  loading  of  7  psf  and  a  tip  spued  of  700  fps,  It  hud  u  solidity  of  0.099, 
defined  hy  the  1.50g  maneuver  requirement,  a  12  degree  linear  twist,  and  an  advanced 
9,5 -percent  thick  airfoil  section  which  was  the  same  os  that  used  on  the  UH  GOA  Block 
Hawk,  The  tail  rotor,  sized  by  the  vertical  climb  condition,  also  had  four  blades  and 
a  tip  speed  of  700  fps,  The  two  engines  were  mounted  in  a  semi  podded  configuration 
on  the  upper  fuselage,  They  were  sized  with  95  percent  intermediate  power  available 
matched  to  power  required  fot  450  fpm  vertical  rate  of  climb  at  design  gross  weight  at  ' 

400  ft,  95°F.  Both  intake  pat  tide  separators  and  infrared  suppression  devices  were  in¬ 
stalled  in  the  engines.  Stinting  was  hy  battery  or  external  power  source. 

The  main  transmission  combined  the  inputs  from  the  engines  with  power  takeoffs  for 
the  nntitorquo  rotor  drive  and  accessories,  The  continuous  rating  of  the  main  trans¬ 
mission  was  125  percent  of  the  power  required  for  450  fpm  vertical  rate  of  climb  at 
design  gioss  weight  at  4000  ft,  95°F,  with  each  input  section  capable  of  transmitting 
single-engine  uninstalled  intermediate  rated  power  available  at  sea  level,  standard  day 
condition.  The  fuel  system  was  crashworthy  and  self  sealing  against  7,62mm  threats. 

The  airframe  structure  was  primarily  conventional  semi  monocoque  aluminum,  with  limited 
use  of  composite  materials  in  selected  primary  and  secondary  structures.  For  weight 
scaling,  structural  technology  was  assumed  to  be  equivalent  to  the  UH-G0A  Black  Hawk. 

The  cockpit  section  accommodated  a  crew  of  two,  seated  laterally  in  armored,  crash- 
worthy  seats.  Both  crew  members  were  provided  with  instrumentation  necessary  to 
accomplish  all  weather  NOE  flight,  and  both  could  monitor  most  sensor  readouts.  Crew 
entrance  doors  were  located  on  each  side  of  the  cockpit,  and  windshield  and  window 
panels  were  flat  to  reduce  detectability  due  to  sun  glint.  Bays  for  sensors  and  avionics 
equipment  were  located  in  the  nose,  above  the  fuel  tanks  atl  of  the  cockpit,  and  aft  of 
the  fuel  tank  hay-  Weight  increments  for  crashworthiness  and  maintainability  considera¬ 
tions  were  included. 

A  nontctiuctablc,  tricycle  landing  gear  'Old  igui  ation  with  high  energy  attenuation  capa 
hility  was  used. 

The  mission  equipment  load  was  823  pounds,  which  included  a  target  acquisition  system; 
the  pilot's  night  vision  system;  and  portions  of  the  communications,  navigation,  instiu 
mentation,  security,  and  ASE  equipment  groups. 

ALTERNATE  CONFIGURATIONS  * 


Sizing  variations  for  the  alternate  designs  were  also  developed  using  the  Applied  Tech 
nology  Laboratory's  Preliminary  Design  Piogram  (PDP). 

A  foui  hladed  main  rotor  with  a  disc  loading  of  7  psf  was  retained  tor  all  alternate 
configurations.  Fite  baseline  twist  and  airfoil  section  were  also  retained  for  all  conligura 
Irons,  while  solidity  was  varied  such  di.it  a  nearly  lineai  variation  ol  C-p  insulted  as  a 
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ACOUS 1  ICAl  ANALYSIS 


I’ Ml  1)1  Cli  n  IMOISl  SltiNA r UHL'S 

I  ho  iioomotty  used  in  pru«4f«:tiitt|  tho  aircraft  noiso  siijnntuios  Is  shown  schematically  it) 
Flyura  4.  Tho  aircraft  wns  .it  200  foot  altitude  nhovo  son  lovol  and  o  i|iound  ranpo  of 
1000  foot  from  tho  (icint  ol  prediction.  Alrsptmdx  Invostlyatod  wore  0  (Itovor),  HO,  120, 
and  ISO  knots.  Surface  wind  velocity  wns  zero,  temperature  wns  60°F,  and  rolntivo 
humidity  wns  70  percent. 

Noiso  sii)it«Uiros  of  tho  various  tip  spoml  configurations  worn  predicted  using  tho  noiso 
computer  program  dovolopod  in  Moforoncos  b  ami  0.  NASA-Lnngloy  porformod  tho  com 
putnr  analysis  using  thi.-.t  Thoorotical  Motor  Analysis  Modeling  Piogram  ( T M AMI’),  which 
Incorporates  tho  roforoncml  procodmos,  Fouriot  analy/os  tho  results,  and  generates  a  1/0 
octavo  trand  noiso  spectrum.  Tho  Input  data  used  in  TRAMP  was  taken  horn  Tnhlo  1 
and  tho  flight  condition  yoomntiy  shown  in  Fititno  4.  Typical  output,  lor  example,  is 
tho  1/3  octavo  hand  spectra  shown  in  Tnhlo  2,  which  was  Motived  for  tho  90  percent 
configuration. 
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Figure  4,  Noiso  prediction  gpomotty. 


^ Johnson,  H.  Uovln,  Development  or  a  leehnii /itr  Mr  AYw/n/rV  /’iv./irri.  m  .or./  l-'leetnmh 
Synthes, s  of  Helicopter  Holm  Vn/.v r,  Rochester  Applied  Science  Associates,  Inc., 
USAAMHDl  TM  73  H,  f  list i s  Directorate,  U.S.  Anny  Ail  Mobility  Meseaich  and  Develop 
moot  Lahoiatory,  Fort  Lustis,  Virginia,  March  19/3,  AD  /httflhh. 

"White,  Hichard  P,,  Jr,,  I 'SI'OI  A*. >r. >/  onJ  hopcllct  X, >ise  hs  I'rco'icnon  mi./  Inw/r.viv 
o!  Its  Aiihil  <  'hornet  crist  i,  >,  AIAA  Paper  No.  ?k  4!>2,  RASA  Division  ol  Systems  Meseaich 
Laboratories,  Inc.,  Rochester,  New  Yoik,  19/S. 
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PREDICTED  DETECTION  DISTANCES 


Tlui  computet  program  used  lor  predicting  helicopter  detection  distances  is  described  in 
Reference  7.  The  1/3  octave  hand  noise  signatures  generated  in  TRAMP  were  used  as 
input  to  the  detection  program.  The  acoustic  signature  of  each  helicopter  configuration 
was  "distance  increased"  by  the  detection  program  to  tire  point  where  it  would  tie 
masked  by  on  ambient  noise  level.  These  calculated  distances  represented  tho  maximum 
slant  range  (hypotenuse  of  the  ground  range/altitude  triangle)  at  which  each  configuration 
could  he  aurally  detected  by  an  observer.  Background  ambient  noise  levels  used  in  these 
predictions  represent  low,  medium,  und  high  Intensity  conflict  situations  (taken  from 
Reference  B)  and  are  shown  in  Figure  5.  The  terrain  used  was  relatively  flat  and  covered 
with  grass  about  6  to  8  inches  tall.  A  sample  listing  of  the  Input  data  for  tho  90 percent 
example  case  configuration  is  shown  in  Table  3. 

An  example  of  output  from  the  detection  program  is  shown  in  Table  4,  Tho  frequency 
in  octave  bonds  is  printed  along  tho  ordinate,  and  the  detection  distance  for  each  octave 
band  is  shown  along  the  abscissa,  The  probability  of  detection  Is  shown  at  different 
percentile  levels  os  indicated  by  the  symbols  D,  +,  and  X.  Throughout  this  program  the 
50  percent  observer  points  wore  used,  as  Indicated  by  the  symbol  X.  This  means  that 
nil  detection  distances  wore  established  at  tho  point  where  half  of  the  listening  observers 
would  have  cumulotively  registered  a  detection.  Table  4  shows  this  detection  point 
occurring  at  2800  feet  slant  range  simultaneously  in  the  BOO  Hz  (366  to  707  Hz)  and 
1000  Hz  (707  to  1414  Hz)  octave  bands,  Table  5  summarizes  the  results  of  all  the  tip 
speed  design  configurations  used  in  this  study.  Each  tip  speed  configuration  is  broken 
down  into  each  of  the  parameters  examined,  along  with  the  resulting  vuluos. 


,7  Abrahamson,  A.  Louis,  Correlation  ol'  Actual  and  Analytical  Helicopter  Aural  IhA'cthut 
( 'ritcria,  Volume  I,  Wyle  Laboratories,  USAAMRDL  TR  74-102A,  Eustis  Directorate, 

U.S.  Army  Air  Mobility  Research  und  Development  Laboratory,  Fort  Eustis,  Virginia, 
January  1975,  AD  C001209L. 

"Blewitt,  Stephen  J.,  et  al,  (C)  .1  nalysis  of  the  fffeels  ol  Aural-Detection  Ihtnyc  on 
Helicopter  Operations  (U),  Booing  Vertol  Company,  USAAMRDL  TR  73  80,  Eustis 
Directorate,  U.S,  Army  Air  Mobility  Research  and  Development  Laboratory,  Fort  Eustis, 
Virginia,  March  1974,  AD  530250L. 
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Figure  5.  Ambient  noise  levels, 


TABLE  3.  HELICOPTER  DETECTION  DISTANCE  PROGRAM  INPUT  DATA 
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TABLE  4.  SLANT  RANGE  DETECTION  DISTANCE 


RESULTS 


OVERALL  SOUND  PRESSURE  LEVELS 


The  results  of  the  acoustical  analysis  for  the  baseline  and  alternate  configurations  are 
shown  in  Figure  6.  Overall  sound  pressure  level  (OASPL)  Is  shown  as  a  function  of  tip 
speed,  both  separately  and  cumulatively  for  the  main  and  tail  rotors,  Figures  6(a) 
through  6(d)  present  this  data  for  each  of  four  flight  speed  conditions, 

In  the  hover  condition  (Figure  8(a)),  the  main  rotor  dominated  OASPL  for  all  configura¬ 
tions  and  increased  linearly  in  noise  lovel  as  tip  speed  configurations  increased.  Although 
quieter  thun  the  main  rotor,  the  tail  rotor  also  showed  the  linear  trend  of  Increased  noise 
with  increased  tip  speed, 

At  the  80-knot  condition  (Figure  6(h)),  the  main  rotor  again  produced  a  linear  noise 
trend  with  increased  rotor  speed  aircraft  design,  and  again  dominated  the  cumulative 
OASPL,  The  tail  rotor  sound  levels  were  too  low  to  contribute  to  the  main  rotor 
OASPL;  however,  the  tall  rotor  of  the  90-percent  configuration  was  shown  to  be  optimum, 
ns  indicated  by  the  "bucket"  (minimum  point)  in  the  toll  rotor  curve. 

At  both  the  120-  and  160-knot  conditions  (Figure  6(c)  and  (d)),  the  90-percent  configure' 
tion  main  and  tall  rotor  OASPLs  were  optimum  (minimum),  Also,  at  these  two  flight 
speeds,  the  tall  rotor  noise  became  louder  with  increasing  tip  speed,  as  shown  by  the  In¬ 
creasing  slope  of  the  tall  rotor  noise  curve.  In  Figure  6(d)  (160  knots),  It  is  seen  that 
the  tall  rotor  noise  levels  for  the  90  through  106  percent  configurations  raised  the  total 
rotor  system  noise  levels  by  only  1  dB. 

The  OASPL  results  fur  the  total  rotor  system  (main  plus  tail  rotors)  show  that  at  hover 
and  80-knot  flight  speed,  no  particular  rotor  tip  speed  configuration  was  optimum; 
rather,  the  lower  the  tip  speed,  the  lower  the  OASPL,  Also,  at  those  two  flight  speeds,  the 
maximum  change  in  OASPL  for  all  tip  speed  designs  was  9,6  dB  (OASPL  of  106  percent 
minus  OASPL  of  80  percent  tip  speed).  Further,  the  linearity  of  these  two  curves  shows 
that  at  the  hover  and  80  knot  conditions,  an  aircraft  meeting  PMP  requirements  resulted 
in  a  0.054  dB  noise  reduction  per  fps  rotor  tip  speed  reduction  (i.o.,__  9  5  dB _  ) 

735  560  fps 

At  120  and  160  knots,  the  90-percent  configuration  was  optimum  in  terms  of  OASPL. 

The  OASPL  differences  between  the  optimized  configuration  (90  percent!  and  the  maxi 
mum  configuration  (106  percent)  were  6  and  7  dB  respectively  for  the  120-  and  150- 
knot  conditions. 

Looking  back  at  the  total  rotor  noise  of  the  hover  and  80-knot  conditions  (Figure  6(a) 
and  (b)),  the  differences  between  the  90  and  105  percent  configurations  were  5  and  6  dB. 
Thus,  considering  all  four  flight  speeds,  it  Is  soen  that  In  terms  of  total  rotor  system 
OASPL,  the  90-percent  configuration  does  offer  on  average  noise  optimization  of  6  dB. 
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DETECTION  DISTANCE 


^ S?«IHBMrair 


The  aural  detection  distances  for  the  various  configurations  are  shown  in  Figures  7,  8, 
anil  9  and  were  based  on  the  low,  modente,  and  hii|h  ambient  backgtouiul  noise  curves 
ol  Figure  4. 

In  the  hover  condition,  detectability  is  established  by  the  main  rotor  noise  (Figure  7(a)). 
This  upper  curve  with  its  two  minimum  points  shows  that  either  the  80-percent  or  the 
100-percent  tip  speed  configuration  is  optimum  in  hover.  The  trend  of  the  tail  rotor 
hover  condition  curve  is  generally  toward  greater  detection  distance  as  a  function  of  in¬ 
creased  tip  speed.  The  combined  signature  of  main  plus  tail  rotor  noise  did  not  increase 
detection  distance,  because  the  tail  rotor's  1/3  octave  noise  levels  were  significantly  below 
those  of  the  main  rotor. 

The  80-knot  condition  shows  the  main  rotor  dominating  the  detection  distance  for  all 
configurations  (Figure  7(b)),  At  this  spued,  the  main  rotor  of  the  80  percent  configura¬ 
tion  is  detectable  around  10,000  feet  while  the  other  configurations  may  be  detected  at 
approximately  12,000  feet.  The  tail  rotor  in  this  figure  was  much  less  detectable  than 
the  main  rotor  and  produced  an  optimum  point  for  the  90  percent  configuration.  Again 
it  is  soen  that  the  combined  aircraft  signature  ul  main  plus  tail  rotor  did  not  increase 
detection  distance  beyond  that  alreudy  established  by  the  main  rotor. 

In  the  120  and  150-knot  conditions  (Figure  7(c)  and  (tl) ),  the  main  rotor  detection  dis¬ 
tances  generally  did  not  increase  with  the  increases  in  tip  speed;  lather,  at  100  percent 
and  105  percent,  detection  distance  decreased,  On  the  other  hand,  the  tail  rotor  grew 
progressively  more  detectable.  In  those  two  highest  speed  conditions,  tho  tail  rotor 
detection  curve  rose  ubove  the  main  rotor  curve.  The  main  plus  tail  rotor  curve  of 
Figure  7(c)  and  (d)  shows  that  the  tail  tutor,  from  about  the  95-percent  to  the  105  per¬ 
cent  configurations,  increased  detection  distance  both  ns  a  function  of  Increased  tip 
speed  and  increased  flight  speed,  In  Figure  7(d)  (150  knots)  the  tail  rotor  noise,  when 
added  to  the  main  rotor,  increased  detectability  of  the  105  percent  configuration  froin 
9600  to  13,400  feet. 

Conorally,  Figure  7  shows  that  overall  detectability  of  the  various  tip  speed  configura¬ 
tions  did  not  change  very  much,  Thu  detection  distance  at  hover,  80  knots,  and  120 
knots  for  all  tip  speed  configurations  fell  within  a  10,200  to  12,000-foot  spread 
(18  peruint  increase).  At  150  knots,  however,  the  tail  rotor  dominated  noise  and  expan¬ 
ded  the  overall  detectability  spread  out  to  13,400  feet  (31 -percent  increase).  This 
information  tells  the  designer  that  at  high  speed  (150  knots),  any  tail  rotor  configura¬ 
tions  beyond  90  percent  would  be  unacceptable  due  to  increased  detectability.  Further, 
it  indicates  that  the  tail  rotor  should  be  acoustically  redesigned  (quietonud)  so  as  not  to 
exceed  the  main  rotor  detection  distance. 

In  summary,  the  choice  of  an  optimized  tip  speed  configuration  iri  terms  of  minimum 
detectability  required  consideration  of  sevorul  factors;  (1)  the  data  results  did  not  pro 
duce  a  family  of  concave  curves  with  a  low  midpoint  to  indicate  an  optimum  tip  speed; 
(2)  the  main  plus  tail  rotor  curves  of  Figure  7  tended  to  he  convex,  resulting  in  favora¬ 
ble  tip  speed  configurations  occurring  at  the  curve  end  [joints  of  either  80  percent  or 
100  to  105  percent;  and  (3)  the  150-knot  condition  was  an  exception  due  to  the  pro 
trounced  effect  of  the  tail  rotor,  Therefore,  an  optimized  tip  speed  configuration  chosen 
on  an  overage  basis  for  minimum  detection  distance  was  100  percent.  This  100  percent 
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tip  speed  eontiiiurdhon  represents  a  host  choice  between  the  curves  of  Figure  7  at Kf  the 
luwei  component  weight  values  listed  in  Tattle  1. 

Fiqurus  8  anil  9  show  eletuctahility  t tends  of  lltu  various  configurations  utulet  nunlerate 
and  high  background  noise  levels,  The  trondinq  curves  are  similar  to  those  ot  Figure  7 
hut  show  less  inflections  as  ambient  noise  levels  increase.  The  average  maximum  detoc 
tlon  distances  decreased  from  12,000  to  7,000  to  3,000  foot  ns  tho  ambient  noise  in 
creased  from  low  to  moderate  to  high  in  Figures  7,  8,  and  O  respectively.  Increased 
levels  of  ambient  noise  reduced  detectability  by  a  factor  of  four. 


OASPL  AND  DETECTION  DISTANCE  COMPARISON 

Tlte  maximum  change  in  OASPl.  for  any  one  flight  condition  was  9.5  dB  (Figure  6(b)). 
This  could  lead  one  to  roughly  estimate  that  detection  distance  would  be  doubled  almost 
twice  (each  8  cl B  increase  in  sound  pressure  level  doubles  detection  distance  when  only 
free  field  spherical  spreading  is  considered). 

Examination  of  tho  computed  change  in  detection  distance  ol  tills  same  flight  condition 
(Figure  7(b))  shows  that  only  a  change  from  10,400  to  11,800  feet  has  occurred.  Tho 
mason  for  this  small  change  is  that  detectability  computations  include  a  number  of  factors 
such  as  the  listener's  capability,  tint  noise  spectral  distribution  of  both  tho  source  and  tho 
listener’s  ambient,  and  tho  total  atmospheric  attenuation  affects  between  tho  source  anil 
the  listener,  OASPL,  on  the  other  hand,  is  u  single  value  summation  of  noise  spectra 
and  is  not  dependent  on  spectra!  distribution.  Because  of  those  dlfferuncos,  OASPL  Is 
not  u  reliable  means  of  oi|tinting  a  single  value  of  noise  level  to  a  measure  of  detection 
distance. 

In  hover  and  tint  B0  knot  flight  speed,  OASPL  increased  almost  linearly  with  increased 
tip  speed  while  detection  distance  reached  maximum  at  the  90  percent  configuration  and 
did  not  significantly  change  thereafter.  At  the  latter  two  flight  speeds  of  120  and  1B0 
knots,  OASPL  optimized  at  90  percent.  Detectability,  however,  optimized  at  tiro  100 
pet  cent  tip  speed  design,  Also,  tire  increased  detectability  of  flu;  tail  rotor  design  was 
nut  i  veuled  in  tire  OASPL  trends,  The  tail  rotor  was  found  to  dominate  detectability 
trey ond  tire  OOpuicont  configuration  for  fire  120  and  150  knot  conditions.  This  provides 
a  valid  reason  to  furthur  investigate  the  tail  rotor  to  determine  what  measures  cun  be 
taken  to  firing  its  detectability  down  to  tire  maximum  established  by  tire  main  rotor. 


EFFECT  OF  GROSS  WEIGHT  ON  NOISE  AND  DETECTION 


As  tire  vaiiinis  helicopter  configurations  inciemenlally  decreased  in  tip  speed  (while  still 
maintaining  PMP),  tire  net  effect  was  an  Increase  in  gross  aircraft  weight.  Reasons  foi 
tire  weiglrt  increase  were: 

•  As  rotor  tip  speed  was  reduced,  solidity  inemasod  approximately  as  tire  inverse 
ol  tire  ratio  of  tire  square  ot  the  tip  speeds,  For  a  fixed  disc  loading,  this 
resulted  In  an  inciease  in  blade  clued,  which  further  resulted  in  an  increase  in 
rotoi  piolile  drag  and  theieloie  more  power  was  required. 
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•  The  increase  In  blade  chord,  together  with  the  reduction  In  tip  speed,  resulted 
in  increased  rotor  and  hub  weight. 

•  The  increased  power  required  resulted  in  larger  engines,  with  an  increase  In  the 
weight  of  the  engines  and  their  ancillary  equipment  (intake  and  exhaust  sys¬ 
tems,  engine  mounts,  starters,  and  fuel  systems).  The  increased  power,  together 
with  the  ."educed  rotor  rpm,  resulted  in  an  increase  in  the  weight  of  the  drive 
system. 

•  The  Increase  in  the  weight  of  the  structure,  equipment,  and  mission  fuel 
required  the  size  of  the  helicopter  to  increase  In  order  to  retain  the  required 
payload  capability  and  mission  endurance.  A  20-percent  reduction  in  tip  speed 
resulted  in  a  helicopter  with  a  gross  weight  increase  of  about  10  percent. 

Weight  increase  is  summarized  In  Table  1. 

Over  the  range  of  tip  speeds  considered,  increasing  tip  speed  reversed  the  above  trends. 

A  B-percent  increase  in  tip  speed  to  735  fps  (105  percent  configuration)  resulted  in  a 
gross  weight  reduction  of  about  1  percent,  Increasing  tip  speed  beyond  this  range  would 
probably  result  in  detrimental  tip  Mach  number  effects.  This  in  turn  would  increase 
gross  weight  because  of  propulsion  system  growth. 

To  show  the  trending  effect  of  gross  weight  on  noise  and  detection,  the  abscissas  of 
Figures  6  through  9  could  be  relabled  with  the  Table  1  gross  weight  values  corresponding 
to  the  tip  speeds;  for  example,  the  80-percent  configuration  corresponds  to  0318  pounds 
and  the  90-percent  configuration  corresponds  to  5922  pounds,  etc.  The  same  observa¬ 
tions  made  to  arrive  at  the  optimum  tip  speed  configurations  apply  to  gross  weight,  l.e., 
the  optimum  gross  weight  In  terms  of  OASPL  was  5922  pounds  (90-percent  tip  speed); 
for  detection  distance,  6708  pounds  (100-percent  tip  speed). 
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TACTICAL  AND  SURVIVABILITY  COMMENTS 


Reference  8  shows  that  survivability  Increases  when  firing  time  (the  number  of  rounds 
fired)  Is  reduced.  Further,  it  shows  that  there  is  no  survivability  improvement  when  the 
new  reduced  detection  distance  is  still  greater  than  the  maximum  effective  firing  range 
of  the  weapon  under  consideration.  With  the  knowledge  of  maximum  effective  weapon 
range  and  the  target's  aural  detection  distance,  one  can  easily  estimate  where  payoff  in 
increased  survivability  will  begin.  For  example,  decreasing  helicopter  detectability  from 
12,600  to  10,400  feet  (Figure  7(d),  100-percent  configuration)  would  have  no  beneficial 
effect  against  an  aurally  detected  gun  threat  with  only  a  9000-foot  effective  range.  In 
moderate  and  high  noise  backgrounds,  some  survivability  payoff  could  be  expected  due 
to  the  decreased  detection  distance  within  the  effective  gun  range  (Figures  8(d)  and  9(d)), 
A  survivability  analysis  is  beyond  the  scope  of  this  report,  since  this  type  of  analysis 
includes  such  factors  as  gun  ready  time,  projectile  flight  path,  and  ballistic  dispersion,  as 
covered  in  Reference  8. 
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CONCLUSIONS 


Based  on  the  results  of  this  effort,  it  is  concluded  that: 

1.  Of  the  five  helicopter  configurations  investigated,  the  90-percent  rotor  tip 
speed  configuration  Is  the  optimum  design  In  terms  of  overall  sound 
pressure  level. 

2.  The  100-percent  configuration  (700  fps)  Is  the  most  suitable  design  based 
on  Its  better  overall  detectability  and  component  weight  characteristics. 

3.  Overall  sound  pressure  level  vulues  are  not  reliable  as  a  means  of 
detectability. 

4.  Increased  ambient  noise  levels  had  the  greatest  effect  on  reducing  detection 
distance. 

5.  The  methodology  used  in  this  investigation  can  also  be  used  to  determine 
the  noise  reductions  and  detectability  benefits  gained  by  varying  other 
parameters  such  as  blade  numbers,  rotor  airfoils,  and  main  and  toll  rotor 
rpm  ratios. 


RECOMMENDATIONS 


Bated  on  the  conclusions  made  during  this  analysis,  It  Is  recommended  that: 

1.  The  100-percent  configuration  tall  rotor  design  be  Investigated  further  to 
optimize  its  noise  characteristics  so  thet  It  will  not  be  the  source  of 
detection  in  the  high  forward  speed  condition.  Reduced  tip  speed  for  the 
tail  rotor  is  a  recommended  approach. 

2.  In  choosing  a  rotor  system  design  tor  minimized  acoustic  detection,  rotor 
noise  levels  and  listener  background  conditions  be  predicted,  preferably  In 
1/3  octave  band  spectra,  When  combined  with  attenuation  factors  and 
listener  capability,  this  data  will  provide  a  reasonable  basis  for  determining 
detectability.  Furthermore,  individual  noise  contributions  which  establish 
detectability  can  be  traced  and  modified  for  qulotor,  less  detectable  aircraft. 

3.  OASPL  values  not  be  equated  to  detectability. 

4.  A  noise/detoctablllty  analysis  be  performed  In  conjunction  with  performance 
doslgn  studies  to  select  the  best  aircraft  design  to  meet  acoustic  detectability 
requirements. 


LIST  OF  REFERENCES 


1.  OHerhead,  J.  B.,  and  Lowson,  M,  V,,  Problems  of  Helicopter  Noise  Estimation  and 
Reduction,  AIAA  Paper  No.  69-196,  Wyle  Laboratories,  Huntsville,  Alabama, 
February  1969. 

2,  Hubbard,  H,  H,,  and  Maglierl,  D,  J,,  Noise  Characteristics  of  Helicopter  Rotors  at 
Tip  Speeds  Up  to  900  beet  Her  Second,  Journal  of  the  Acouitlcal  Society,,  Qf 
America,  Volume  32,  No.  9,  September  1960,  pp  1106-1107. 

3.  Robinson,  Frank,  Component  Noise  Variables  of  a  Uaht  Observation  Helicopter, 
NASA  CR  114781,  Ames  Directorate,  U.S,  Army  Air  Mobility  Research  and 
Development  Laboratory,  Amos  Research  Center,  Moffett  Field,  California,  1976, 

4,  ASH  Solicitation  DAAJ01-76-R-0001,  31  July  1976,  USAAVSCOM  'Unpublished). 

6.  Johnson,  H,  Kevin,  Development  of  a  Technique  for  Realistic  Prediction  and 

Electronic  Synthesis  of  Helicopter  Rotor  Noise,  Rochester  Applied  Science 
Associates,  Inc.,  USAAMRDL  TR  73  8,  Eustis  Directorate,  U.S.  Army  Air  Mobility 
Research  and  Development  Laboratory,  Fort  Eustis,  Virginia,  March  1973, 

AD  76B966. 

6.  Whlto,  Richard  P,,  Jr.,  V/STOi  Rotor  and  Propeller  Noise  -  Its  Prediction  and 
Analysis  of  Its  Aural  Characteristics,  AIAA  Paper  No.  76-462,  RASA  Division  of 
Systems  Research  Laboratories,  Inc,,  Rochester,  New  York,  1975, 

7.  Abrahamson,  A,  Louis,  'Correlation  of  Actual  and  Analytical  Helicopter  Aural 
Detection  Criteria,  Volume  !,  Wylo  Laboratories,  USAAMRDL  TR  74-102A, 

Eustis  Directorate,  U.S.  Army  Air  Mobility  Research  and  Development  Laboratory, 
Fort  Eustis,  Virginia,  January  1976,  AD  C001209L. 

8.  Blewltt,  Stephen  J.,  ut  al,  (C)  Analysis  of  the  Effects  of  Aural-Detection  Ranyc  on 
Helicopter  Operations  (U),  Booing  Vertol  Company,  USAAMRDL  TR  73  BO,  Eustis 
Dlroctofate,  U,S.  Army  Air  Mobility  Research  and  Duvulupmont  Laboratory,  Fort 
Eustis,  Virginia,  March  1974,  AD  530250L, 


32 


APPENDIX  A.  PRIMARY  MISSION  PERFORMANCE  REQUIREMENTS 


The  primary  mission  performance  requirements  of  the  ASH  Include  the  nbllity  to  attain 

•  A  460-ft/mln,  vertical  rate  of  climb  from  out-of-ground  effect  (OGE) 
hover,  at  4000  ft  pressure  altitude  (Hp),  05°F,  using  not  more  than 
96  percent  of  installed  intermediate  rated  power  jIRP)  under  zero 
wind  conditions. 

•  A  cruise  speed  of  120  to  150  KTAS  at  4000  ft  Hp,  95°F,  using  not  more 
than  maximum  continuous  power  (MCP). 

•  An  endurance  of  not  less  than  2,6  hours  based  on  the  following  segments 
at  4000  ft  hp/95°F  conditions: 

1,  8  minutes  of  ground  idle  power 

2,  30  minutes  of  hover  OGE  with  zero  wind 

3,  30  minutes  of  40  KTAS 

4,  30  minutes  at  hover  OGE  with  zero  wind 

6,  22  minutes  at  MCP  cruise  speed  or  150  KTAS,  whichever  Is  less 

6.  30  minutes  fuel  reserve  at  120  KTAS 

Segments  (1)  through  (5)  are  to  be  computed  at  primary 
mission  gross  weight.  Segment  (0)  Is  to  be  computed  at 
primary  mission  gross  weight  less  fuel  burned  in  segments 
(1)  through  (6), 

•  A  minimum  normal  acceleration  of  1.50g  In  a  symmetrical  pull-up  from 
level  unaccelerated  flight  at  130  KTAS, 
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